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ABSTRACT : PURPOSE: To produce the title large-sized preform free of deformation by fusing a core 
and a clad to each other with an electric furnace, and specifying the operational conditions 
in the production of the preform by the rod-in-tube method. 

CONSTITUTION: A core glass rod 1 having a diameter smaller than the inner diameter of 
a clad glass pipe 2 having 250mm outer diameter is inserted into the glass pipe 2. The 
obtained material is heated at 1 80O~2000°C in an electric furnace (furnace core tube 3) 
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5-20mm/min. The glass pipe 2 and the glass rod 1 are thereby fused together, and a 
glass rod is obtained. During heating, the hollow part of the glass pipe 2 is preferably 
evacuated to 50~300mmH 2 O below atmospheric pressure. 
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DETAILED DESCRIPTION 

1 . Subject of Invention 

Manufacturing method of preform for optical fiber 

2. Scope of the Patent Claim 

(1) A manufacturing method of preform for optical fiber having the following 
characteristics: Into the hollow portion of a glass pipe for the clad of more than 50 
mm in outside diameter, a glass rod for the core of diameter smaller than the inside 
diameter of the pipe for the clad is inserted; while this (assembly) is traversed at 
speed of more than 5mm/min but less than 20 mm/min in an electric heater of more 
than 30 mm but less than 100 mm in length, it is heated at heater temperature 
1800 — 2000°C; by this the glass pipe for the clad and the glass rod for the core 
would become one body to yield a glass rod possessing the core and the clad. 

(2) In the manufacturing method of preform for optical fiber described in Claim Item 
(1), Scope of the Patent Claim, the heating is performed under the condition that the 
atmospheric pressure inside the hollow portion of the glass pipe for the clad is 
reduced by 50 — 300 mm H 2 0 (atmospheric pressure difference). 

(3) In the manufacturing method of preform for optical fiber described in Claim Item (1) 
or (2), Scope of the Patent Claim, the heating is performed under the condition that 
the atmosphere inside the hollow portion of the glass pipe for the clad is set to be an 
atmosphere containing chlorine or chlorine compound gas. 

(4) In the manufacturing method of preform for optical fiber described in Claim Item 
(1), Scope of the Patent Claim, the glass rod for the core is composed of pure quartz 
and the glass pipe for the clad is composed of fluorine doped quartz glass whose 
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refractive index is lower than that of pure quartz by more than 0.25% in specific 
refractive index difference. 
3 . Detailed Explanation of the Invention 
[Industrial Application Field] 

The present invention is related to a manufacturing method of preform for large 
type optical fiber. 
[Conventional Technology] 

In the manufacturing methods of preform for optical fiber, the rod in tube method 
in that into the pipe to become the clad material, a glass rod for the core possessing a 
refractive index higher than that of the clad material is inserted; the assembly is heated for 
consolidation (collapsing) to manufacture a preform for optical fiber is known as a 
representative manufacturing method. 

However, in this method, defects (blisters, impurities, etc.) at the interface between 
the core material and the clad material can easily remain. Thus there is a shortcoming that 
when it is made into optical fiber, large light loss would occur. As a method for solving 
this, in Patent Public Notice Bulletin No. 59-6262 (1984) and Patent Public Notice 
Bulletin No. 58-52935 (1983), methods have been proposed that prior to the fusion- 
collapsing of the core material and the clad material, a vapor phase treatment agent is 
flowed in the space between the pipe and the rod and a prior heat treatment at the 
temperatures rage of 500 — 1600°C where no deformation would occur to the core 
material is performed. 
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[The Problematic Point to be Solved by the Invention] 

Now, in the conventional rod in tube method, as a heating means for consolidating 
the core material and the clad material, an oxyhydrogen flame has been employed. 
However, the heating by oxyhydrogen flame has a limit in its efficiency; at most, only 
preforms of about 30 mm in outside diameter can be obtained. 

In recent years, reduction in cost by mass production in the manufacturing of 
optical fiber is being pursued; preparation of large type preform is being examined. The 
limitation to the preform outside diameter as described above is one of the bottle necks; 
thus its rapid solution is being demanded. 

Against this, the electric furnace for example by using resistance furnace, etc. 
which is higher in heating efficiency than that of the oxyhydrogen flame and would also 
eliminate the worry for hydroxyl group occlusion can be considered. However, when a 
resistance furnace is used, the deformation of the preform would be more pronounced; 
thus this approach has not achieved practical application. 

The present invention is undertaken in view of the above. For the heating means 
in the rod in tube method, an electric furnace is used in that a large type preform can be 
manufactured without deformation to provide a method which is very practical, 
economical and enhanced in process efficiency. 
[The Means and Function for Solving the Problematic Point] 

The present inventors carried out penetrating studies on the conditions in that even 
if an electric furnace is used as the heating means to carry out the consolidation 
(collapsing) of the core and clad by the rod in tube method, the preform can be 
manufactured without deformation. It was discovered that the aforementioned objective 
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can be achieved for the first time by specific combinations of the core material, clad 
material, and each of their sizes and the heating method and condition 

Namely, the present invention is a manufacturing method of preform for optical 
fiber having the following characteristics: Into the hollow portion of a glass pipe for the 
clad of more than 50 mm in outside diameter, a glass rod for the core of diameter smaller 
than the inside diameter of the pipe for the clad is inserted; while this (assembly) is 
traversed at speed of more than5mm/min but less than 20 mm/min in an electric heater of 
more than 30 mm but less than 100 mm in length, it is heated at heater temperature 
1800— 2000°C; by this the glass pipe for the clad and the glass rod for the core would 
become one body to yield a glass rod possessing the core and the clad. In the 
aforementioned method, as an especially preferable implementation mode, the heating is 
performed under the condition that the atmospheric pressure inside the hollow portion of 
the glass pipe for the clad is reduced by 50 — 300 mm H 2 0 (atmospheric pressure 
difference). And, in the aforementioned method, the heating is performed under the 
condition that the atmosphere inside the hollow portion of the glass pipe for the clad is set 
to be an atmosphere containing chlorine or chlorine compound gas. And in the present 
invention, an especially preferable combination of the core and rod is that the glass rod for 
the core is composed of pure quartz and the glass pipe for the clad is composed of fluorine 
doped quartz glass whose refractive index is lower than that of pure quartz by more than 
0.25% in specific refractive index difference. 

The present invention is concretely illustrated by referring to figures below. Fig 1 
is an outline of illustration diagram showing an implementation mode of the present 
invention. In the figure, 1 is the glass rod for the core; 2 is the glass pipe for the clad; 3 is 
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the furnace core tube; 4 is an electric furnace, for instance the heater of a resistance 
furnace, etc.; 5 is the atmospheric gas introduction opening; 6 is an exhaust opening; 7 5 s 
are preform holders and the chucks for (performing) traversing. As shown in the figure, 
into the hollow portion of the glass pipe 2 for the clad, the glass rod 1 for the core is 
arranged; while this (the assembly) is held by the chucks 7 and being traversed, the two 
(the assembly) are heated by the heaters 4 of the electric furnace to become one body. 
During this, from the atmospheric gas introduction opening 5, a suitable atmospheric gas 
is introduced in carrying out the operation. 

In the present invention, the glass pipe for the clad is composed of a glass having 
refractive index lower than that of the glass rod for the core; and it is especially preferable 
that the outside diameter is more than 50 mm. When the outside diameter is less than 50 
mm, by the scattering of impurities from the heater 4 of the electric furnace, etc. if the 
outside wall of the glass pipe for the clad is contaminated, the effect of this pipe outside 
wall would easily appear. And the glass rod for the core is composed of a glass 
possessing refractive index higher than that of the glass pipe for the clad and the diameter 
(outside diameter) is smaller than the inside diameter of the glass pipe for the clad. 
Preferable combination for these glass rod for the core and the glass pipe for the clad 
includes, for example: pure quartz for the core glass rod and fluorine doped quartz glass 
for the clad glass pipe. The reason for this is that fluorine doped quartz glass is smaller in 
refractive index than that of the pure quartz glass and it does little to cause degradation to 
the property of the light transmission loss. Therefore, it can be used as an extremely 
superior clad material against the quartz glass core. And, when this combination is used 
to prepare a single mode fiber, it is preferable that the fluorine doped quartz glass is set to 



be lower in refractive index than that of pure quartz by more than 0.25% in specific 
refractive index difference. By this, a fiber which is strong against bending loss and stable 
in transmission loss can be obtained. Furthermore, this kind of glass rod for the core and 
the glass pipe for the clad can be manufactured by the VAD method, OVD method, 
MCVD method, sol-gel method, press method, and other publicly known techniques. 

In the present invention, the electric furnace to be used as heating source, for 
instance the electric resistance furnace, etc. is preferably; and the heater length has to be 
less than 100 mm and more than 30 mm. The heater is heated to a temperature of 1800 — 
2000°C and then the assembled pipe and the rod are traversed at a speed of more than 5 
mm/min and less than 20 mm/min. If the heater length exceeds 100 mm, preform 
deformation would occur; and when it is less than 30 mm, even if the outside wall of the 
glass pipe for the clad is raised to high temperature, it would be difficult to sufficiently 
raise the temperature of the inside wall of the glass pipe for the clad or the surface of the 
rod for the core. If the temperature is less than 1800°C, similarly, the surface temperature 
of the inside wall of the glass pipe for the clad or the surface temperature of the rod for 
the core would not be raised sufficiently; this is not desirable. And if the temperature 
exceeds 2000°C, the deformation of the glass pipe for the clad would abruptly become 
larger. When the traverse speed is less than 5 mm/min, deformation would occur to the 
preform and when it exceeds 20 mm/min, blisters would be formed in the preform. As a 
result, the performance of the optical fiber obtained from this preform would be 
degraded — this is not desirable. 

During the heating in the present invention, it is preferable that it is performed 
under the condition that the atmospheric pressure inside the hollow portion of the glass 
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pipe for the clad is reduced by 50 — 300 mm H 2 0 (atmospheric pressure difference). 
Especially, it is desirably to be reduced pressure of 100 — 300 H 2 0. When it is less than 
50 mm H 2 0, sufficient consolidation (collapsing of the space) would be difficult to carry 
out; and when it exceeds 300 mm H 2 0, the performance of the fiber would be degraded. 

And during the heating it is especially preferable that the heating is performed 
under the condition that the atmosphere inside the hollow portion of the glass pipe for the 
clad is set to be an atmosphere containing chlorine or chlorine compound gas. By this, the 
dehydration of the glass rod for the core and the glass pipe for the clad would be 
sufficiently performed to obtain a glass rod in which the residual hydroxyl group content is 
reduced in highest degree can be obtained. In this, for the chlorine or the chlorine 
compound gas, for example, Cl 2 , CCU> SOCl 2 , etc. can be employed. 

Fig 2 shows the equipment construction in that the chlorine or chlorine compound 
gas atmosphere and pressure reduction are provided: in addition to the Fig 1 construction, 
the exhaust opening portion 6 and the pressure reduction means 8 are provided. And, in 
between the exhaust opening 6 and the pressure reduction means 8, the pressure gauge 9 
and the gas introduction valve 10 for adjusting the pressure are arranged. While chlorine 
or chlorine compound gas is being introduced into the hollow portion of the glass pipe for 
the clad from the atmospheric gas introduction opening 5, the pressure is reduced by the 
pressure reduction means 8. However, by the valve 10, the flow rate of the gas for the 
pressure adjustment is controlled to set the pressure of the pressure gauge 9 to the 
specified pressure. For this pressure adjustment gas, for example, N2, Ar, He, etc. inert 
gas, chlorine, or SOCl 2 , CCU, etc. chlorine compound gases can be employed. 
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In carrying out the above described operation, the present invention can 
manufacture optical preforms of high quality which are larger in diameter than those 
produced so far by using an electric furnace without deformation. The concrete means 
and the effect of the present invention are shown by the implementation examples and the 
comparison example listed below. 
[Implementation Example] 
Implementation Example 1 

For the glass rod for the core, a pure quartz glass rod (5 mm diameter x 500 mm 
length) prepared by the VAD method (vapor axial deposition method) was used; and for 
the glass pipe for the clad, a quartz glass pipe (outside diameter 75 mm x inside diameter 
10 mm x length 400 mm) doped with 1 . 1 wt% of fluorine (F) was used. Based on the 
present invention, the heating consolidation to one body was performed by the 
construction shown in Fig 2. In this, a heater in 60 mm length was employed. The heater 
temperature was set to 1970°C, as the atmospheric gas, 1 liter/min of Cl 2 was flowed into 
the pipe hole and the pressure inside the glass pipe hole for the clad was reduced so that 
the atmospheric pressure difference was maintained to be 250 mm H 2 0. Under these 
conditions, the preform was moved upward at 8 mm/min speed to carry out heating 
consolidation into one body. After the completion of the ascending, the obtained preform 
was taken out from the furnace and elongated. Then by using a preform analyzer, the core 
diameter and the clad diameter were measured. Slight fluctuation in length direction was 
present; however, the fluctuation of the clad diameter/core diameter was less than 1%. An 
excellent preform without blisters in the core-clad interface was obtained. The refractive 
index difference of the core and clad was 0.30%. 
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Further when this preform was fiber drawn to a fiber of clad outside diameter 125 
urn, the total length of the drawn fiber was 120 km; and the average transmission loss at 
wavelength 1 .30 urn was 0.327 dB/km and the average transmission loss at 1 .55 um was 
0. 187 um/km — a high quality fiber was obtained. 
Implementation Example 2 

Using the same size glass rod for core and the glass pipe for the clad prepared 
similarly to Implementation Example 1, an preform for optical fiber was manufactured by 
collapsing the assembly under the identical conditions in Implementation Example 1 with 
the exception that the heater length was set to be 100 mm. The obtained preform was 
measured by the preform analyzer similarly to Implementation Example 1: the fluctuation 
of the clad diameter/core diameter was verified to be ±_ 0.75%. For example, in the 
communication optical fiber for wavelength 1 .30 urn, its cut-off wavelength has to be set 
to 1.10—1,29 um. Here, the cut-off wavelength is inversely proportional to the clad 
diameter/core diameter. Therefore, for realizing the aforementioned cut-off wavelength of 
1.10—1.29 um, the fluctuation of the clad diameter/core diameter have to be suppressed 
to be below 8% Accordingly, the heater length of 100 mm in this case is the limit of the 
range. It is clear that the heater length is preferably to be set to be less than 100 mm. 
Comparison Example 1 

Using the same size glass rod for core and the glass pipe for the clad prepared 
similarly to Implementation Example 1, an preform for optical fiber was manufactured by 
collapsing the assembly into one body by using a heater of 60 mm in length. The 
conditions here were heater temperature 1800oC; the (preform) ascending speed 20 
mm/min; the atmospheric pressure difference by the pressure reduction was set to 300 mm 
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H 2 0 in carrying out the operation. The obtained preform was investigated by the preform 
analyzer. The fluctuation of the clad diameter/core diameter was less than +. 1 %--a good 
value. However, there were many blisters present in the interface between the core and 
the clad. The portion which can be used for fiber drawing was only 1/3 (orl/2; not clearly 
copied) of the total length. This good portion was fiber drawn into a fiber of outside 
diameter 125 um to obtain a total length of 35 km (comparison article). 

The transmission losses at wavelength 1 .30 um and 1 .55 um of this fiber were 0.36 
dB/km and 0.24 dB/km, respectively. This performance is inferior compared to the fiber 
of the present invention based on Implementation Example 1. 

Furthermore, the comparison article and the fiber of the present invention of 
Implementation Example 1 were exposed to hydrogen (H 2 ) at 1 atmospheric pressure 
atmosphere at room temperature. There was no change in the transmission loss spectrum 
of the present invention fiber. However, in the comparison article fiber, the absorption 
peak by the hydroxyl group of wavelength 1.39 um increased from 0.5 dB/km to 3.5 
dB/km. And it became clear that even in the hydrogen durability performance, it was 
inferior. 

From the aforementioned Implementation Example 1 and 2 and the Comparison 
Example 1, it is clear that for realizing a large type and high quality preform for optical 
fiber by the simple rod in tube manufacturing method, it is effective to use the method of 
collapsing the assembly to one body by using an electric furnace under the conditions 
specified in the present invention. 
[Effect of the Invention] 
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As described above, in the present invention when the preform for optical fiber 
possessing the core and the clad by the rod in tube method, for the heating means, an 
electric furnace is used to achieve the production of a large type preform. Its practical 
application ability is great; it is economical and enhancement in process efficiency is 
achieved. Further, this is a method which is extremely advantageous industrially for 
manufacturing a high quality preform for optical fiber. 
4. Brief Explanation of Figures 

Fig 1 and Fig 2 are outline of illustration diagrams showing the implementation 
modes of the present invention. In Fig 1, an example is shown that the operation is carried 
out with the atmospheric gas being introduced. In Fig 2, an example is shown that the 
operation is carried out with the pressure reduced (hollow portion of the pipe) while the 
atmospheric gas is being introduced. 
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